
Where are the malaria vectors? 
Identification and uncertainty associated with classification 
of Anopheles habitat using remote sensing

Robert Zupko (Center for Infectious Disease Dynamics, Penn State)

Helen Greatrex (Department of Geography, Penn State)



Plasmodium falciparum malaria
• 241 million cases, 627 thousand 

deaths in 2020 (WHO 2021)

• Most of the malaria burden is in Sub-
Saharan Africa, children under five

• Obligate human parasite

• Spread via mosquitoes

CDC (2002) Public Health Image Library



Malaria Atlas Project | PfPR2-10 in 2000



Malaria Atlas Project | PfPR2-10 in 2019



Malaria vectors
• Solely Anopheles genus mosquitoes

• Over 100 Anopheles species can 
transmit malaria, 30 to 40 species are 
the most common

• Presence of Anopheles does not mean 
that malaria is present, but presence 
is a requirement for the parasite to be 
present

CDC (2014) Public Health Image Library



Malaria vectors
• Anopheles genus is distributed 

throughout the world

• Typically, the malaria parasite is 
eliminated from a region, not the 
mosquito

• Each species of the Anopheles genus 
has bounds for their habitat
 Moisture / rainfall
 Average temperature
 Minimum/maximum temperature

Kiszewski et al. (2004)



So where are they?



Environmental Envelopes
• Habitat identification based upon 

environmental envelopes (Obsomer 
et al. 2012)

• Possible Anopheles habitat 
identified based upon precipitation, 
temperature, and landcover (i.e., 
forests)

A. baimaii A. crascens A. dirus s.s. A. dirus s.l. A. scanloni
Total annual 
precipitation (mm) > 1200 > 2000 > 1500 > 1500 > 1500

Minimum temp 
coldest month (°c) > 12.5 > 20 12.5 - 21 12.5 - 21 > 15

Maximum temp 
coldest month (°c) < 28 < 28 < 26 < 26 < 28

Mean of mean 
monthly temp (°c) 24 - 27.5 > 25 24 - 27.5 24 - 27.5 > 25

Mean of mean SD (°c) 0.5 - 2.5 0 - 1.0 0.5 - 2.5 1.0 - 5.0 0 - 2.0



Analysis
• Google Earth Engine
 JavaScript (web-browser)
 Python (scripted automation)

• Datasets
 CHIRPS Pentad (precipitation)
 MOD11A1.061 (temperature)
 Landsat 7, 8 (imagery)

• Landcover classification
 Supervised training
 Classification And Regression Tree





Landcover Classification



Habitat Classification



Sources of Error
• Error can be introduced from a 

variety of sources

• Error inherent to the data we are 
working with:
 Landsat
 Climate
 Literature

• Error in how we:
 Process the data
 Interpret the data
 Present our findings / analysis products

Sensitivity Analysis!}



Landcover 
Classification









Habitat 
Identification











Discussion
• Landcover may be sensitive to the satellite used for imaging
 This may be correctable through additional supervised classification

• Both landcover and habitat are sensitive to the resolution of the pixels
 However, for the purposes of identifying habitats this may not be a concern

• Earth Engine has some idiosyncrasies:
 Exporting from deployed applications
 Batch processing can take awhile



Next Steps
• Manuscript currently in progress

• Codebase is open source, BSD 3-Clause License
 https://github.com/rjzupkoii/gms-malaria

• Earth Engine App is deployed and supported
 https://rzupko.users.earthengine.app/view/gms-malaria

https://github.com/rjzupkoii/gms-malaria
https://rzupko.users.earthengine.app/view/gms-malaria


Earth Engine App
https://rzupko.users.earthengine.app
/view/gms-malaria

GitHub Repository
https://github.com/rjzupkoii/gms-
malaria
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Thanks!
Robert Zupko / rbz5100@psu.edu
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